ABSTRACT This paper presents a new type of radio frequency identification positioning method. This method uses a hybrid positioning method combining signal angle of arrival and RSSI (signal strength value positioning). First, the phased array antenna is used to measure the azimuth angle of the target tag, and then, the reader is read to read the signal strength of the target tag. After using the neural network model to fit the curve of signal strength and distance, when the signal strength is converted into a distance by the curve relationship, the positioning function of the target tag is realized. Experimental results show that compared with traditional positioning algorithms, not only the positioning accuracy is improved but also the working range is increased and the system anti-jamming capability is improved.
I. INTRODUCTION
ADIO frequency identification (RFID) technology is an indispensable key technology in the Internet of things system. It can identify and perceive everyday items affixed with RFID tags by its unique passive communication methods and is widely used in the fields of logistics, retail, and so on. For example, in an application scenario of the smart shelf [1] , an RFID reader with a location-aware function in a clothing retail store can locate a plurality of clothes with RFID tags attached thereto. And through data visualization to help employees more effective clothing inventory and tracking. Currently, typical RFID positioning technologies include Time of Arrival (TOA) [2] , Time Difference of Arrival (TDOA) [3] , and Angle of Arrival (AOA) [4] and Received Signal Strength Indicator (RSSI) [5] . The most typical positioning systems are RADAR [6] , SpotON [7] and LANDMARC [8] . These positioning systems and positioning methods have their own advantages and disadvantages. In different practical application scenarios, appropriate positioning technologies can be selected according to requirements, or several of these technologies can be selected for hybrid applications. The position-aware approach based on angle of arrival can provide higher positioning accuracy and anti-jamming capability for RFID applications [9] . Therefore, we hope to design a joint positioning method based on arrival angle and arrival signal strength to give effective positioning results for complex environments under multiple tags.
RFID positioning systems usually consist of readers, reader antennas and tags. In order to obtain the angle of arrival of the tag, the reader antenna plays an important role. In an ordinary RFID system, the radiation directivity of a single circularly polarized antenna is usually poor, which also makes the RFID system's poor directivity, and cannot accurately determine the orientation angle of the label. Therefore, in the early articles, most of the positioning methods based on the angle of arrival stayed in the theoretical stage. For example, the literature [10] assumes that four readers located at the cone vertex can give the arrival angle of the label. And use of geometric relations in the theoretical description of the method of three-dimensional positioning of the label. Manzoor [11] rely on the spacing between the reference tag and the signal strength value, determine the tag angle by the estimated distance, and further use the weighting method to estimate the tag position. In recent years, some studies have combined the theory of phased array antennas in the field of radar detection by designing a new type of phased array antenna suitable for UHF RFID communication frequency bands, which offers the possibility to measure the angle of arrival of tags under practical application scenarios. The literature [12] introduced a linear array antenna composed of eight monopole antennas, which can achieve 45-135 degree scanning in a specific direction. Documents [13] , [14] have deployed multiple readers with integrated linear phased array antennas at different locations in the environment. A non-ranging method for estimating the position of a label by integrating the reading of labels in multiple directions is proposed [17] - [29] .
This paper proposes a joint positioning method based on phase angle array antenna arrival angle and arrival signal strength. Firstly, the phased array antenna is used to measure the azimuth angle of the target tag, and then the reader is read to read the signal strength of the target tag. After using the neural network model to fit the curve of signal strength and distance. After the signal strength is converted into a distance by the curve relationship, the positioning function of the target tag is realized [29] - [33] .
II. OPERATION PRINCIPLE AND POSITIONING ALGORITHM A. THE PRINCIPLE OF MIXED LOCATION
In view of the fact that the accuracy of the existing positioning technology is not high and the system equipment is complex, a hybrid positioning method combining AOA and RSSI is proposed, which belongs to the passive RFID hybrid positioning method. The implementation method is: In step 1, the phased array antenna scanning function is realized by changing the phase difference between the phased array antenna units. The test reader reads the scanning range of the tag to be measured and determines the maximum RSSI of the tag read by the reader in the range, thus obtaining the direction angle θ B between the tag and the phased array antenna. In the second step, the neural network is used to fit the curve relationship between signal strength value (RSSI) and the distance (d) between the antenna and the tag to be measured. Select the largest RSSI received, which can be mapped to the corresponding distance d. Assuming that the position of the antenna array is known as (X, Y) and the position coordinate of the tag to be measured is (x, y), the position of the tag to be positioned can be obtained by (1) .
B. PHASED ARRAY ANTENNA PRINCIPLE
The phased array antenna is an antenna array composed of multiple antenna elements. It forms a certain phase difference between different array elements by electronic modulation, making the antenna array form a specific radiation direction, and by constantly adjusting the phase difference, the antenna can scan the space plane.
As shown in Fig.1 , the array elements of the linear antenna array are generally evenly distributed in a straight line. Let the linear antenna array be composed of N antenna array elements and the incident direction of the tag relative to the nth antenna is θ n , then the signal received by the linear antenna can be expressed as:
In (2), A (θ ) is the channel impulse response function, which is the set of received signals of each antenna array element.
Here s represents the spacing between the elements, and λ represents the signal wavelength. e −j(.) denotes a complex exponential signal with (.) as the phase value. From (4), it can be concluded that the incident angle of the tag signal determines the phase difference between the array elements. When the array element spacing is much smaller than the distance from the tag to the antenna to be positioned, the incident angle of the antenna signal received by the antenna array changes very little. In the array signal processing, all the incident angles can be treated as the same angle, so we can consider the incident angle θ 1 , θ 2 ,...,θ n as θ B . Then the phase difference between two adjacent array elements can be expressed by (5):
Each array element in the array is provided with a phase shifter. By changing the phase difference by the phase shifter to satisfy the relationship of (5), a beam pointing can be obtained so that its radiation angle is exactly equal to the incident angle of the label signal. The incident angle is:
Its radiation diagram function is characterized by F (θ), which reflects the radiation intensity of the antenna at different angles in space. The pattern function of the linear phased array can be expressed as:
Where a t is the amplitude weight coefficient, N is the number of array elements, θ is the target angle, and θ B is the maximum point of the antenna beam. When θ is equal to θ B , the directional pattern function of the phased array gets the maximum value, and the target angle θ at this time is the beam direction of the array. The normalized directional function obtained by simplifying (7) is:
When the array is a uniform planar phased array antenna, its pattern function is:
Simplify (9) to:
Therefore, the evenly distributed planar phased array antenna pattern can be expressed as the product of the two one-dimensional linear array antenna pattern functions. In other words, it can be seen as a combination of multiple one-dimensional phased array antennas. Where F 1 (θ, ϕ) is the uniform line pattern function in the horizontal direction and F 2 (θ ) is the line pattern function in the vertical direction. By simultaneously changing the feed phase of multiple linear arrays, the beam direction angle can be scanned on a two-dimensional plane.
The relationship between the pattern function of the antenna array and the number of antenna elements is shown in Fig.2 . Fig.2 shows that the field-strength pattern F (θ ) increases with the increase of N in the direction of beam pointing angle, which is approximately proportional to the relationship. As N increases, F (θ) appears first The zero point of aiming angle decreases. This shows that the increase of N makes the radiation intensity and directivity of the linear array antenna increase [34] - [42] .
C. IMPROVEMENT IN POWER AND SIGNAL TO NOISE RATIO
The phased array antenna not only increases the antenna radiation range, but also improves the power P in the positioning system. The theory shows that when the scanning direction is the same as the antenna beam direction, the radiation field of the antenna array is in-phase superposed in the scanning direction. Therefore, using a phased array antenna in an RFID positioning system increases the reader's transmit power and receive power, thereby increasing the working distance of the positioning system. Quantitative analysis, assuming that the transmitter has N antennas, the transmit power of the entire antenna array is, then the transmit power of each antenna element is GT · P N . Then, the signal voltage transmitted from each antenna unit to the transponder is proportional to (GT · P) / N · S 2 , and the signal of the same phase is superimposed on the direction of the beam pointing angle θ B . The voltage after superposition is proportional to GT · N · P/S 2 GT · P, so the power received by the transponder is proportional to GT · N · P/S 2 . Similarly, when the transponder reflects the received signal back to the reader receiver, the total power received by the receiver is proportional to GT ·GR·N 2 ·P/S. Assume an RFID positioning system with antennas in the same direction. The working distance of the positioning system is 10m. The minimum power value that the reader of the positioning system can detect is P min [14] :
When the phased array antenna is used in the positioning system:
From (11) and (12), it can be concluded that the received power of the RFID positioning system using the phased array antenna is increased N 2 times at the same distance. In addition, it can be concluded from the two equations that the maximum working distance of the RFID positioning system using the phased array antenna is increased √ N times. The advantages of the RFID positioning system based on phased array include its higher sensitivity and stronger anti-interference ability. For the receiver sensitivity set by the reader, the output SNR value determines the receiver's noise figure (N F ) upper limit. When N F is a known value, for a single-channel co-directional antenna RFID positioning system, N F = SNR in SNR out . The phased array antenna RFID positioning system with antenna array element number N, because the in-phase useful signals are superimposed on each other, and the noise of the antenna unit is uncorrelated, it can be deduced [15] :
From (13), it can be concluded that the output signal-tonoise ratio of the positioning system receiver is increased by N times. Through quantitative analysis of power consumption and signal-to-noise ratio, the RFID hybrid positioning system using phased array antenna has better positioning accuracy, longer working distance and wider positioning range. The relationship between the maximum working distance of the positioning system and the number of array elements is shown in Fig.4 .
III. NEURAL NETWORK A. DISTANCE LOSS MODEL
As the propagation distance increases, the signal strength of the wireless signal gradually decreases, and the attenuation of the signal satisfies a certain exponential relationship with its propagation distance. In particular, the indoor propagation environment is very complex, including scattering, diffraction, reflection, refraction, etc., so the relationship between received signal strength and distance becomes particularly complicated. In current positioning algorithms, most algorithms use the Shadowing model as the relationship between signal propagation distance and received signal strength:
In the formula, d represents the distance from the antenna to the tag to be positioned, d 0 is the reference distance, d 0 is usually taken as 1m as a reference n denotes the path loss coefficient, RSSI (d) and RSSI (d 0 ) denote the received signal strength at a distance of d and the received signal strength at a distance of 1m, respectively, and X σ ∼ 0, σ 2 is an interference term.
In an actual real indoor environment, the path loss coefficient n at each location is different. If the path loss coefficient n is replaced by a fixed empirical value, it will inevitably cause a large distance measurement error. The moderate change of RSSI in the application environment is not without regularity. The Kolmogorov theory fully shows that any continuous function can be implemented by a three-layer network. Therefore, neural network can be used to fit the nonlinear function relationship between RSSI and distance.
B. DETERMINATION OF NEURAL NETWORK MODEL
According to the mapping relationship between the signal receiving intensity and the distance, it is determined that the input of the neural network is the actually measured RSSI, the output is the value of the measuring distance, and the number of neurons in the input and output layers is one. However, the number of layers in the hidden layer, the number of neurons in each layer, and the excitation function and training function cannot be determined in advance. This needs to be determined one by one during the experimental debugging process. The experimental data in this paper is the RSSI and the corresponding distance value measured with an RFID reader in an actual indoor environment. In the experimental simulation process, the number of neurons in each layer is set to 16, and then the number of hidden layers is set to increase from 1 to 3 in sequence. The experimental simulation results show that the fitting effect can be satisfied when the layer number of the hidden layer is 1 layer. And when the number of layers in the network is one, the design is simple and the training time is short, so the number of hidden layers can be set to one. Next, the number of neurons in the layer network is determined, initially set to 16, and then the number of neurons is incremented to observe the fitting effect of the experimental simulation. The results show that the best fitting effect is when the number of neurons is 48, and the training time is short. Based on the above analysis, the final neural network model was 1:48:1.
IV. DESIGN SCHEME OF RFID POSITIONING
The design scheme of the positioning system in this paper is to change the phase difference between the antenna units through the phase shifter. The change of phase difference makes the beam pointing angle change accordingly. Therefore, the antenna can scan the label to be positioned. Advantages of this solution: It can reduce the hardware requirements for the positioning system, and the angle scanning can be achieved through the software operation of the phased array antenna, thereby completing the positioning function and reducing the complexity of the positioning system design. In addition, in this paper, the antenna with the strongest signal is selected in the localization algorithm, and the signal strength is converted into a distance by using the curve of RSSI and d that has been fitted by the neural network. The distance obtained at this time is very close to the actual distance, which improves the accuracy of positioning.
The array spacing of the phased array is related to the frequency of the RF signal. The element spacing in this paper selects half of the wavelength of the RF signal, and the number of antenna elements N is 16. If the operating frequency of the reader is 920MHz, its wavelength is about 32.6cm, and the spacing between the elements is 16.2cm. If a one-dimensional uniform linear array is used, then 2.43m is needed. If a 4 × 4 uniform array is used, only the area of (0.49 m × 0.49m) is needed. If the operating frequency of the reader is 2.46 GHz, its signal wavelength is about 12cm, and other conditions remain unchanged, the use of a one-dimensional uniform linear array requires 0.9m, and if a 4 × 4 uniform array is used, it needs (0.18 m × 0.18m) area. Combined with the above analysis, the plane array is in contrast with the linear array. The plane array can not only achieve the same function and performance, but also occupy less space. This advantage is very suitable for passive positioning systems. In addition, it can also be concluded that as the frequency of the RF signal increases, the spacing between the array elements will also decrease proportionally, and the overall array area of the antenna array will also decrease. These advantages will make the antenna array more and more widely used in RFID positioning systems.
V. EXPERIMENTS AND SIMULATION ANALYSIS RESULTS
In order to verify the performance of this algorithm, a reader, a PC, a complete set of phased array antenna and several positioning tags were chosen in the experiment. The selected scene in the experiment was a 10m10m conference room. The specific positioning algorithm in this article is as follows:
Step 1: In the positioning conference room, a reference tag is placed at a distance of 0.5m away from each other, and signal strength value (RSSI) and corresponding distance (d) obtained by the reader are recorded;
Step 2: The collected RSSI is taken as the input of the neural network, and the distance is used as the output to train the neural network model;
Step 3: Change the phase difference between the phased array antenna units through the phase shifter to realize the scanning function of the phased array antenna. The test can read the range of the tag to be tested and the maximum signal strength value of the tag to be tested in each direction of the range. The direction in which the minimum power consumption of the tag to be tested is the direction of the tag to be measured. Thus, the orientation angle θ B between the tag to be positioned and the phased array antenna can be obtained.
Step 4: Select the received maximum signal strength value RSSI, and use the curve relationship between RSSI that has been fitted in step 2 and the d from the antenna to the test label. The RSSI value can be converted to a corresponding distance d by the curve;
Step 5: After the orientation angle θ B and d between the label to be positioned and the phase-controlled antenna are known, the coordinates of the label to be positioned can be obtained by (1) , and the positioning function is realized.
Step 6: Finally, the difference between the actual coordinates and estimated coordinates of all the labels to be positioned is accumulated, and the average error is calculated.
Assume that there are K reference tags and P pending tags in the positioning environment. Solve the position of the coordinate of the label to be positioned. The algorithm is described in Fig.5 . On the MATLAB platform, the measured data is trained and the results are shown in Fig.6 .
It can be seen from the figure that neural network is used to fit the relationship between RSSI and d, and the result VOLUME 6, 2018 obtained by the curve is very close to that in the actual positioning scene. When the path loss coefficient n is calculated as a fixed value, the error is large.
In this paper, the RFID positioning algorithm based on neural network phased array antenna and the traditional fixed path loss coefficient n RFID positioning algorithm are tested. The coordinates estimated by the two algorithms are compared with the actual coordinates. The positioning results are shown in Fig.7 and Fig.8 .
In this paper, the location error values of 10 indoor location tag points are selected for statistical analysis. Get the root mean square error curves of the two algorithms, as shown in Fig.9 .
According to Fig.9 , the average error of the ten location points of the fixed path loss coefficient n is 0.51 meters. The average error of the ten location points calculated by the algorithm based on the neural network is 0.32 meters. After 100 simulations and averaging them, the average error of the former algorithm is 0.503 meters; the average error of the latter positioning algorithm is 0.31 meters. Based on the above analysis results, the traditional positioning algorithm for n-experience values cannot meet the requirements in the presence of indoor interference. The positioning algorithm based on neural network proposed in this paper reduces the average error by 38%. To some extent, it overcomes the environmental disturbances.
VI. CONCLUSION
This paper presents an RFID hybrid positioning method based on neural network phased array antenna. This method utilizes the characteristics of phased array antenna radiation beams with adjustable angles to scan the search plane in sequence. Then the neural network is used to fit the relationship between the RSSI and the distance, and the RSSI is converted into a distance to implement the tag positioning function. Compared with the traditional RFID positioning algorithm, the new positioning algorithm proposed in this paper has greatly improved the positioning accuracy. The innovation of this paper is to combine the neural network training method with the phased array antenna hybrid positioning algorithm. The ingenious combination of this method avoids the erroneous estimation of the parameter n and increases the working range, improves the system's anti-jamming capability and improves the positioning accuracy. There is potential for application in indoor environments such as warehouses, prisons, and supermarkets.
